Objective To evaluate the diagnostic performance of MR arthrography in the detection of articular cartilage and labral lesions of the glenohumeral joint using a transverse 3D water-excitation true fast imaging with steady-state precession (FISP) sequence. Materials and Methods Seventy-five shoulders were included retrospectively. Shoulder arthroscopy was performed within 6 months of MR arthrography. MR images were evaluated separately by two radiologists. They were blinded to clinical and arthroscopic information. Arthroscopy served as the reference standard. Results For the detection of humeral cartilage lesions, sensitivities and specificities were 86% (12/14)/89% (50/56) for observer 1 and 93%/86% for observer 2) for the transverse true FISP sequence and 64%/86% (50%/82% for observer 2) for the coronal intermediate-weighted spin-echo images. The corresponding values for the glenoidal cartilage were 60% (6/10)/88% (51/58) (80%/76% for observer 2) and 70%/86% (60%/74% for observer 2) respectively. 
Introduction
Diagnostic performance of MR imaging and MR arthrography is only moderate in the assessment of glenohumeral cartilage lesions [1] [2] [3] , although a wide range of MR sequences is available for cartilage assessment [4, 5] . The three-dimensional (3D) water-excitation true fast imaging with steady-state precession (FISP) sequence has shown favorable results for cartilage assessment in the knee [6] .
The true FISP sequence belongs to the group of balanced steady-state free precession (SSFP) techniques. Acronyms used by other manufacturers for balanced SSFP include balanced FFE and FIESTA. Balanced SSFP offers the highest signal-to-noise ratio (SNR) per unit time compared with all other imaging sequences [7] .
Based on encouraging experiences in the knee [6] the true FISP sequence was introduced into our shoulder MR protocol, mainly for the assessment of articular cartilage and the labrum. To our knowledge, the diagnostic performance of this sequence for shoulder abnormalities has not previously been presented in the English peer-reviewed literature.
Thus, the objective of this study was to evaluate the diagnostic performance of MR arthrography in the detection of articular cartilage and labral lesions of the glenohumeral joint using a transverse 3D water-excitation true FISP sequence.
Materials and methods

Patients
Seventy-five shoulders in 74 patients (33 women, 41 men, mean age 53.0 years, range: 21-83 years) were included in this retrospective study. The indications for MR arthrography were suspected rotator cuff tear in 42, impingement in 16, glenohumeral instability in 7, degenerative osteoarthritis of the acromioclavicular joint in 3 and of the glenohumeral joint in 1, degeneration of the biceps tendon anchor in 2, partial biceps tendon tear in 1, non-specific pain in 1, calcific tendinitis in 1, and frozen shoulder in 1. Inclusion criteria were:
1. Patients with shoulder arthroscopy performed between 1 January 2007 and 31 December 2007 at our hospital 2. Availability of a true FISP MR arthrography of the shoulder performed at our institution using a standardized imaging protocol up to 6 months prior to arthroscopy Exclusion criteria were:
1. Age below 18 years 2. Surgery performed before imaging 3. Suspected neoplasm 4. Arthroscopic description of the labrum and cartilage not sufficient for the purpose of this investigation ( Fig. 1) These data were acquired by one of the authors (TJD) who was not involved in the following evaluations of the MR images. There were complete data concerning humeral cartilage in 70, glenoidal cartilage in 68, and the anterior and posterior labrum in 59 glenohumeral joints. The mean time between MR imaging and arthroscopy was 54 days (range: 0-181 days). The institutional review board responsible does not require approval for this type of investigation if patients have given permission for anonymized review of their medical data for scientific purposes before the imaging examination. All patients in this study granted permission.
Imaging protocol
All patients underwent MR imaging after fluoroscopically guided injection of 8-12 ml gadopentetate dimeglumine solution (Magnevist 2 mmol/l; Bayer Schering Pharma, Leverkusen, Germany) into the glenohumeral joint. The patients were examined in one of three different 1. Three additional sequences that were not evaluated in this investigation were also included in the routine MR arthrography protocol: Coronal T1-weighted fast spin-echo images with fat saturation (e.g., Avanto: TR/TE, 667/12; FOV, 160×160 mm; matrix, 512×256; section thickness, 3.0 mm), sagittal T1-weighted spin-echo images (e.g., Avanto: TR/TE, 450/12; FOV, 160×160 mm; matrix, 512 × 256; section thickness, 4.0 mm) , and sagittal T2-weighted fast spin-echo images with fat saturation (e.g., Avanto: TR/TE, 3,500/79; FOV, 160×160 mm; matrix, 512× 256; section thickness, 4.0 mm).
Surgical procedure
Shoulder arthroscopy was performed by one of five orthopedic surgeons specializing in diseases of the shoulder. Arthroscopy was performed using standard portals allowing complete evaluation of both glenohumeral cartilage and the labrum.
Magnetic resonance evaluation
Two radiologists with 10 (CWAP) and 3 years' (NS) experience in a musculoskeletal medical imaging department separately evaluated the MR arthrography images. They were blinded to the arthroscopy report and clinical data. The observers first analyzed articular cartilage and the labrum on the transverse true FISP images. Nine months later, during a second session, coronal intermediate-weighted fast spin-echo images with fat saturation were evaluated (articular cartilage only). A classification system of three grades was used: normal, superficial, and deep cartilage lesions. Findings of superficial lesions included defects less than 50% of the cartilage thickness for arthroscopy and thinning, signal intensity alterations or irregular surface for MR imaging respectively. The central bare area of the glenoid was not separately classified and was reported as normal by observers 1 and 2 in our study. Determination of the central bare area of the glenoid was a smoothly marginated subcentimeter area of thinning of the central articular cartilage [8] . Cartilage defects with more than 50% of the cartilage thickness were considered to be deep cartilage lesions both during arthroscopy and on MR images [1] . The anterior and posterior labrum were evaluated separately. A classification system of three grades was applied: normal (including variants such as sublabral hole), labral degeneration, and labral tear. At MR imaging labral degeneration was diagnosed in the presence of signal abnormalities and rounded labrum.
Statistical analysis
One author (TJD) who was not involved in the evaluations compared the MR imaging findings with the surgical reports. Sensitivity, specificity, accuracy, and positive and negative predictive values were calculated. Interobserver agreement was assessed with statistics [9] . values between 0.81 and 
Results
At arthroscopy, humeral cartilage lesions were observed in 14 out of 70 glenohumeral joints (frequency, 20%). Seven lesions were graded as superficial and seven as deep. There were glenoidal cartilage lesions in 10 out of 68 (15%) glenohumeral joints at arthroscopy. Seven lesions were superficial and three were deep. At arthroscopy anterior labral abnormalities were noted in 16 out of 59 glenohumeral joints (27%). Ten lesions were graded as degeneration and six as tears. Posterior labrum abnormalities were found in 12 out of 59 shoulders (20%), there was labral degeneration in nine and a tear in three joints. Tables 1 and 2 summarize the diagnostic performance of the two observers. For the detection of all humeral cartilage lesions including superficial lesions, sensitivities, specificities, and accuracies were 86% (12/14)/89% (50/56)/89% (62/70) for observer 1 (93%/86%/87% for observer 2) for the transverse true FISP MR arthrography sequence (Figs. 2, 3 and 4) and 64% (9/14)/86% (48/56)/81% (57/70) (50%/ 82%/76% for observer 2) for the coronal IW fast spin-echo MR arthrography images. The corresponding values for all glenoidal cartilage lesions including superficial lesions (Figs. 5, 6) were 60% (6/10)/88% (51/58)/84% (57/68) (80%/76%/76% for observer 2) for the true FISP images and 70% (7/10)/86% (50/58)/84% (57/68) (60%/74%/72% for observer 2) for the coronal IW fast spin-echo sequence respectively. For solely deep humeral cartilage lesions, sensitivities, specificities, and accuracies were 86% (6/7)/ 97% (61/63)/ 96%(67/70) for observer 1 (86%/95%/94% for observer 2) for the true FISP MR arthrography images and 57% (4/7)/100% (63/63)/96% (67/70) (43%/97%/91% for observer 2) for the spin-echo images. The corresponding values for solely deep glenoidal cartilage lesions were 100% (3/3)/92% (60/65)/93% (63/68) (100%/89%/90% for observer 2) for the true FISP images and 33% (1/3)/98% (64/65)/96% (65/68) (33%/97%/94% for observer 2) for the coronal IW fast spin-echo sequence.
Labrum abnormalities were assessed exclusively on true FISP MR arthrography images. For the detection of all abnormalities of the anterior labrum including degeneration (Figs. 2, 7 ) sensitivities, specificities, and accuracies were 94% (15/16)/84% (36/43)/86% (51/59) for observer 1 (88%/79%/81% for observer 2). The corresponding values for all abnormalities of the posterior labrum including degeneration were 67% (8/12)/77% (36/47)/75% (44/59) for observer 1 (25%/74%/64% for observer 2). For tears of the anterior labrum sensitivities, specificities, and accuracies were 83% (5/6)/87% (46/53)/86% (51/59) for observer 1 (83%/ 89%88% for observer 2). For tears of the posterior labrum (Fig. 8 ) the values were 100% (3/3)/88% (49/56)/88% (52/59) for observer 1 (33%/89%/86% for observer 2).
The kappa values for the grading of the humeral and glenoidal cartilage lesions were 0.81 and 0.55 for true FISP images compared with 0.49 and 0.43 for IW fast spin-echo images (Tables 3, 4) . Kappa values for true FISP evaluation of the anterior and posterior parts of the labrum were 0.81 and 0.70 respectively (Table 5 ). Differences among all three similar MR units were not observed, although there was no formal evaluation.
Discussion
The results of our study demonstrate a good diagnostic performance of true FISP MR arthrography for assessment of cartilage and labral lesions in the glenohumeral joint with moderate to very good interobserver agreement. In the spin-echo images. In the present study, accuracy for cartilage lesions varied between 76% and 96% for true FISP and between 72% and 96% for the spin-echo sequence compared with a range of 65% to 89% with the sequences employed by Guntern et al. [1] . Assessment of glenohumeral cartilage is challenging because it is thin and curved [10] . In comparison to standard spin-echo sequences, the 3D true FISP sequence is able to obtain contiguous sections in larger numbers (48 versus 19 according to our protocol), thinner slices (1.7 mm versus 4 mm) and provides higher SNR [5, 7, 11] . The thin and curved humeral cartilage and the thinner slices as well as the increased SNR of the true FISP sequence compared with spin-echo techniques may be responsible for the higher accuracy of superficial humeral cartilage lesions in the true FISP group [5] . General improvements in MR imaging quality over the past years, e.g., 1.0 Tesla MR unit in the study by Guntern et al. compared with the 1.5 Tesla MR unit in our study may in part be responsible for the higher accuracy in detecting cartilage lesions with the intermediate-weighted spin-echo images in the present study compared with that of Guntern et al. The 3D true FISP sequence also has disadvantages. Postoperative susceptibility artifacts associated with metallic implants are more pronounced in the true FISP than in standard T1-weighted or intermediate-weighted spin-echo sequences, which therefore retains an important role in postoperative imaging. In addition, the transverse 3D true FISP sequence has a longer acquisition time compared with the coronal intermediate-weighted fast spin-echo sequence applied in this investigation. However, the differences in acquisition time were not prohibitive for either sequence (3D true FISP/IW spin-echo: Symphony: 146/149 s, Espree: 224/ 201 s, and Avanto: 216/194 s).
The accuracy of 3D true FISP in detecting labral tears (86-88%) was comparable to previously reported results for Fig. 5 Sixty-two-year-old man with a superficial lesion (thinning less than 50% of the cartilage thickness) of the glenoidal cartilage (arrow) of the right glenohumeral joint. The subtle distinction in MR arthrography of a superficial cartilage lesion and the central bare area [8] of the glenoid may be difficult. However, this lesion was classified as chondromalacia in the arthroscopic report (transverse true FISP; Siemens Symphony 1.5T scanner: TR/TE, 9.24 ms/3.17 ms; flip angle, 28°) spin-echo MR arthrography. Although there are far more papers evaluating the labrum than articular cartilage of the glenohumeral joint, our results cannot easily be compared with those in the literature, because of the different study designs, definition of labral abnormalities, and patient inclusion criteria. Waldt et al. [12] found an accuracy of 89% in the detection of labroligamentous injuries with T1-and T2-weighted spin-echo MR arthrography performed in three planes. Applegate et al. [13] excluded patients with acute injuries and reported an accuracy of 86% for chronic labral tears with spin-echo T1-weighted MR arthrography in three planes. Lee et al. [14] compared MR arthrography performed with a gradient echo sequence and a standard T1-weighted spin-echo sequence with regard to their diagnostic performance in labral tears. They found a significantly higher sensitivity (88% versus 64%; p<0.05), but slightly lower specificity for the gradient echo sequence. There is a marked difference in sensitivity of degeneration and tear of the posterior labrum between the two observers in our study. Labral degeneration may be difficult to differentiate from the numerous labral variants, as has been described before [15] . The frequency of posterior labrocapsular complex lesions after acute posterior shoulder dislocation was 58% in a previously published study [16] . However, only occasional labral tears were observed in other reports in patients with acute posterior shoulder dislocation [17, 18] , indicating possible problems with the differentiation of degeneration or variants from symptomatic tears. The 3D true FISP sequence provides a T2-weighted component and thus demonstrates bursitis and bone marrow edema-like abnor- Normal  38  3  3  44  Degeneration  2  6  0  8  Tear  0  0  7  7  Total  40  9  10  59 malities. However, this aspect was not tested in the current paper.
Our study had limitations. The retrospective study design is inferior to a prospective design with regard to the precision of arthroscopic reports. Based on the retrospective review of arthroscopic reports, no perfect comparison, for instance, by quadrants, was possible. However, only patients with arthroscopic reports sufficiently describing cartilage damage were included in our study (Fig. 1) . During the time period of up to 6 months between MR arthrography and arthroscopy, new trauma may change the appearance of the labrum and cartilage. However, no intercurrent injury was detected during review of the electronic patient charts. A comparison of the transverse true FISP with a spin-echo sequence in the same plane may be superior to our study design with MR sequences obtained in two different imaging planes. The pear-shaped morphology of the glenoid might favor the use of the transverse imaging plane because of the higher sensitivity of lesions at the labral chondral junction compared with the coronal plane. On the other hand, the coronal plane provides better visualization of the superior articular surface of the humeral head.
The number of deep cartilage lesions in our study is relatively small, which limits the statistical analysis of the results. This might be explained by our study group. Most of our patients were referred for the assessment of rotator cuff tears and shoulder impingement. On the other hand the orthopedic surgeons of our hospital request CT arthrography in patients with suspected severe rotator cuff arthropathy to aid the treatment decision of reversed shoulder endoprostheses.
We conclude that transverse 3D true FISP MR arthrography images are useful for the difficult diagnosis of glenohumeral cartilage lesions and suitable for detecting labral abnormalities.
